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INTRODUCTION
A  polarized  division  occurs  normally  in  the  de-
velopment  of  microspores  in  plants.  The  result
is  a  presumptive  vegetative  cell  and  generative
cell within  the young pollen grain. The generative
nucleus  in  Tradescantia  synthesizes  DNA  and
considerably  later,  in  the  pollen  tube,  it  divides
to  form two sperm nuclei. The  vegetative  nucleus
probably  degenerates  in  the  pollen  tube.  In
Tradescantia, it  was  long  ago  suggested  by  Sax
(5)  that  the  ability  of  one  daughter  cell  to  de-
velop  as  the  generative  cell  depended  upon  its
placement  in the pollen  grain. According  to  Sax,
normal  development  required  the  formation
of vacuoles  which  positioned  the  division  spindle
(and  consequently  the  daughter  nuclei)  per-
pendicular  to  the  long  axis  of  the  microspore.
Thus  the  fate  of  the  two  cells  was  determined
actually  before  the  division  which  produced
them.  This  hypothesis  has  never  been  tested
directly,  but  some  evidence  which  will  be  given
below  argues  against  it.  In  any  case,  while  the
placement  in  the  pollen  grain  may  determine
whether  the  two daughter  cells develop  normally
or  not, it is  of interest  to know  if any interaction
occurs  between  the  two  cells  after  the  division.
Woodard  (8)  noted  a  sudden change  in  nucleo-
protein  metabolism  in  both  cells  about  40  hours
after the microspore  division.  This  may  be a con-
sequence  of the  loss  of the wall  between  the  two
cells,  or  its  reduction  in  thickness.  The  original
description  of  Tradescantia pollen  grain  develop-
ment  by  Sax  and  Edmonds  (6)  noted  that  the
wall  was  transitory;  recent  electron  micrographs
by Gay and  Murayama  (reference 2, and personal
communication)  show  that  the wall  undergoes  a
progressive  thinning,  finally  becoming  about  300
A  thick.  The  result  of in  vitro  labeling  of young
Tradescantia pollen  grains  in  short  term  incuba-
tions  with  radioactive  thymidine  (7)  have  re-
vealed  an  unexpected  correlation  between  the
young generative  cell and the vegetative  cell. The
vegetative  cell  appears  to  respond  to DNA  syn-
thesis  in  the  generative  nucleus  by  an  increased
mobility  of its  nucleus  in  the  cytoplasm.  This  is
discussed  in  the  present  report.
MATERIALS  AND  METHODS
Tradescantia paludosa (Sparrow's  clone  B2-2,  derived
from  Sax's  clone  5)  were  kindly  supplied  by  Dr.
Arnold  Sparrow  and  Dr. Donald  Wimber  of Brook-
haven National Laboratory.  Most of the experimental
material  was  obtained  during  spring  and  summer
growth  of the plants in the  laboratory,  under condi-
tions  in  which  there  was  supplemental  fluorescent
illumination and fairly constant temperature  of 25°C.
Radioactive  thymidine  was  obtained  from  New
England Nuclear  Corp.,  Boston;  the specific  activity
of H3-thymidine was 6.7  c/mM and of Cl
4-thymidine
was 30 mc/mM.
The  procedure  for  isolation  of  pollen  grains  was
based  on Nasatir's procedure for pollen grains of lily
(4).  Buds  were  removed  from  an  inflorescence,
surface-sterilized  by  dipping  in  10  per  cent  Clorox,
then  rinsed  in  distilled  water  and  one  anther  from
each  bud  sampled  to  determine  the  stage.  The  re-
maining five  anthers in the bud were pooled; in some
experiments,  single  anthers  were  excised  in  time-
course  samplings.  Five  anthers  from  a  bud  were
homogenized  with a glass rod in a  10  X  75 mm glass
test tube in  0.1  mi  of 0.1  M phosphate  buffer pH  7.0
containing  0.25  M sucrose  (designated  SPB).  This
crude  cellular  homogenate  was  made  up  to  1.0  mi
volume with SPB and  transferred  to a  15  ml conical
centrifuge  tube,  leaving  most  of  the  anther  wall
151FIGURE  1  Schematic diagram  of a young pollen  grain
showing  the  angular  displacement  of  the  vegetative
nucleus.  Vacuoles  normally  present  in  the  vegetative
cell are omitted.
debris  behind.  The  homogenate  was  centrifuged  for
30  seconds  to  a  maximum  3000  RPM  in  a  clinical
centrifuge  and the supernatant  decanted.  This wash-
ing  was repeated  by  resuspending  the pellet  in SPB,
again  centrifuging  and  decanting  the  supernatant.
The  twice-washed pellet  was resuspended  in the  SPB
incubation  medium  to which  radioactive  thymidine,
ca.  1  c/ml,  was  added.  Approximately  5  X  104
pollen  grains were  obtained from five  anthers;  these
were  free  of the  adhering  lipid  droplets  and  oxalate
crystals  present  in  the crude  homogenate.  The only
contaminants  in  the suspension  were  a few  pieces  of
xylem,  the  cells  of which  never  took  up  the  radio-
active thymidine.  One ml  aliquots of the suspension,
containing 7-8  X  103 pollen grains,  were transferred
to  10  ml  Erlenmeyer  flasks;  the  flasks  were  capped
with  aluminum  foil  and  incubated  at  25
0C  in  a
Dubnoff  shaker  at 60  cycles/min.  The isolation  and
washing  operations  together  took  about  15  minutes,
and  were  performed  at  room  temperature,  about
25°C.  Incubation  was  stopped  by  putting  the flasks
on ice. The pollen grains were harvested by centrifug-
ing  off the  cold  incubation  medium,  washing  once
with  ice cold SPB,  and  to  the washed  pellet  adding
one  mi of ice  cold  3:1  ethanol: acetic acid.  The  fixed
suspension was usually  left overnight in the cold. The
fixative  was then  replaced  with 70  per cent ethanol,
followed  by 50 per cent and  35 per cent ethanol  and
finally  distilled  water  in  rapid  succession.  Small
aliquots  of the  water  suspension  were  pipetted  onto
slides  subbed  with gelatin/chrome  alum,  and  cover-
slips  applied.  After  removal  of  the  coverslips  with
dry  ice  (1) the  pollen  grains were  hydrolysed  on the
slides  for  10  minutes  at  60°C in  1 N  HCI,  stained  by
the Feulgen  procedure,  and then dipped into Kodak
NTB2 liquid emulsion,  undiluted,  at 40°C.  Exposure
generally was for 1 week. The emulsion was developed
in  Dektol  for  2 minutes  at  18°C  (3)  and  the  auto-
radiographs  dehydrated  and  mounted  permanently
with Euparal.
Determination  of nuclear orientation  in the pollen
FIGURES  2 a and 2 b  Typical autoradiograph  of a young pollen grain labeled with H3-thymidine,  Feulgen-
stained.  The two  nuclei  here  are  not quite in the same focal plane.  Fig.  2  a shows silver  grains in emul-
sion  over  the  generative  nucleus.  Localization  of  silver  grains  over  the  wall adjacent to  the generative
nucleus appears  at a lower focal  level in Fig. 2 b, and is due to the peculiar geometry of the squashed pollen
grain.  No  label  occurs  over  the  wall in sections  of  pollen  grains.
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showing  the  skewness  in  pollen  grains  of
different  ages.  Measurements  were  made  in
acetocarmine  squashes  of anthers  from  buds
of  two  inflorescences,  a and  b. The  buds dif-
fered  in age: bud 3 < bud 2  <  bud 1, in each
inflorescence.  Buds  S  were  just  postmitosis;
buds  2  were approximately  1 day older than
buds 3; buds  1 were 2  days  older.  The  short
axis  of  the  pollen  grains  was  placed  by eye.
Skewness  measurements  were  made  from
camera lucida tracings.
SKEWNESS  INTERVAL,  degrees
grains  was done  by measurement  of the  angle made
by a line drawn through the center of the two nuclei
and a line perpendicular  to the long  axis of the pollen
grain,  running  through  the center  of the  generative
nucleus  (Fig.  1).  This angle  is referred  to  as  "skew-
ness."  Pollen  grains were  measured  by projection  at
magnification  of  1400  through  a  Zeiss  drawing  ap-
paratus;  skewness  was  read  off  directly  on  a  polar
coordinate scale,  to the nearest  5 or  10  degrees.  The
pollen  grains  selected  for  measurement  met  very
rigid  conditions.  They  were  squashed  flat  on  their
sides,  with  the  wall  that  was  originally  facing  the
inside  of the  microspore  quartet  straight,  so  that  it
could  be used  in measurement  as the line of the long
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They were not  overlapping  or  underlying other
en  grains,  and  had no  micronuclei  or morpho-
ally abnormal  nuclei; their  nuclei did not  over-
and  the  generative  nucleus  was  close  to  the
lie  of  the  straight  inner  wall,  not  eccentric  in
tion.  Both  the generative  nucleus  and vegetative
eus had to be in the same plane of focus.  A pollen
i that met the  above  conditions  was  considered
e labeled  if it showed  grains  greater  than  back-
nd density in the emulsion  at a focal level  above
generative  nucleus, or above  the wall adjacent  to
generative nucleus  (Figs. 2 a and 2 b). The propor-
of labeled  and  unlabeled  pollen  grains  matched
ely  the  proportion  obtained  by  counting  the
FIGURE  4  Comparison  of  skewness  in  young
pollen  grains  isolated,  washed,  and  then  fixed,
versus pollen  grains  fixed  in  the  anthers,  with-
out  prior  isolation.  The  six  anthers  of  a  bud
were  divided  into  two  samples  of  three  each
for  these  experiments.  Skewness  measure-
ments  were  made  as  described  for  the  data
in Fig. 3.
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FIGURES  5  and  6  Skewness  distributions  of  labeled  and  unlabeled  pollen  grains  from  time-course  in-
cubations  with  Hthymidine.  The  results  of  two  separate  experiments  are  shown:  10-20-30SO  minutes
continuous  incubation,  and  30-60-120  minutes  continuous  incubation.  Skewness  measurements  were
made  by  the  procedures  described  in  the  section  on  Materials  and  Methods.  The  labeled  (unlabeled)
means for  10-20-30  minutes  were  50.0(33.4)-50.8(40.8)-59.7(39.5),  respectively;  for  30-60-120  minutes
they  were  5.0(37.8)-67.0(36.3)-55.3(41.0),  respectively.  t-tests  were  made  to  check  the  difference
between means  of  labeled and unlabeled pollen grains; in each case the difference  is statistically significant.
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criteria  did  not  preferentially  select  labeled  or un-
labeled pollen grains.
RESULTS
Figs.  3 a and  3  b  show  the  results  of two  analyses
of  skewness  in  pollen  grains  of  different  ages.
The  pollen  grains  were  obtained  from  two  sets
of buds of different  stages  of maturity  taken  from
single  inflorescences.  The  data  show  a  shift  to
increased  skewness  as  the  pollen  grains  age.
While the data do not rule out the possibility that
this  shift  is  fortuitous,  they  strongly  suggest  that
skewness  may be  partly  determined  at times  after
the  microspore  division.  This  complicates  any
of  the  difference  was  maintained  during  120
minutes  of  continuous  incubation,  but  the  dis-
tribution  of  skewness  values  for  the  unlabeled
pollen grains became  much  broader with  increas-
ing  time.  From  a  practical  point  of  view,  30
minute  incubation  was chosen  as  a  suitable  time
for studying  skewness  effects  in  later  experiments.
No attempt  was  made  to  correlate  the amount  of
skewness  with the  amount  of radioactivity  in  the
labeled  pollen grains;  scoring was on a qualitative
basis only.
In  experiments  performed  during  the  winter
of  1963-1964,  the  skewness  difference  could  not
be  detected  convincingly,  and  in  most  experi-
ments the difference  was  absent.  This failure  may
TABLE  I
Skewness  Variation During the  Period of DNA  Synthesis
Pollen grains  were incubated  for 30  minutes with H3-thymidine,  1 pxc/ml,  then fixed  and  autoradio-
graphs  prepared.  Skewness  measurements  were made  by the procedures  described  in Materials  and
Methods.
Sampling  time,  hrs.  0  6  12  24  36
Per  cent  labeled  pollen  3.0  3.0  11.7  63.2  3.4
grains
Mean  skewness  4  standard error  of the  mean
Labeled  pollen grains  - 46.3  i  15.7  40.8  4.8  53.8  - 3.5  35.8  7.2
Unlabeled  pollen  grains  - 36.2  - 2.8  26.6  4  9.5  15.0  3.8  19.7  4  3.5
t  test  of  difference  be-
tween  means  p  >  0.05  p  <  0.05  p  <  0.01  p  >  0.05
- Not significant  Significant  Significant  Not significant
analysis  of skewness  as  a  factor  in  differentiation
of the nuclei.
The  experimental  procedures  used  to  detect
DNA  synthesis  in  isolated  pollen  grains  caused
the vegetative  nucleus  to  deviate  somewhat  from
its  normal  position  in  the  pollen  grain.  This
effect  is  illustrated  by  the data  in  Fig.  4,  which
shows  the  skewness  generated  by  the  combined
isolation  and  washing  procedure.  Appreciable
skewness  is generated  by  the washing  alone,  and
probably  also  by  the  subsequent  incubation,  al-
though  it has not  been determined  for  the latter.
The clear difference in skewness between labeled
and unlabeled  pollen  grains  is  shown  by the data
in Figs.  5 and  6.  Pollen grains  were isolated  from
single  buds  and  aliquots  incubated  for  varying
periods  of time with  H
3-thymidine.  A  statistically
significant  difference  in  skewness  could  be  de-
tected  after  10  minutes  incubation.  The  direction
have  been  due to  an altered synchrony  in  the de-
velopment  of  the  pollen  grains,  which  would
affect  the  skewness  distribution  if  the  latter  de-
pended  critically  on  the  synchrony  of DNA  syn-
thesis  in the  population.  No  data contradict  this,
and  in  support  of it  is  the observation  that  buds
in  the winter  inflorescences  presented  a  different
sequence  of stages  than  those  used  in  the earlier
experiments.
Since  all  the  experiments  mentioned  above
were done at uncontrolled  stages during the DNA
synthetic  period,  additional  experiments  were
performed  during the spring of  1964 to  determine
whether  the  skewness  difference  could  be  de-
tected  at  all  stages  of  DNA  synthesis.  Single
anthers from  a bud were  sampled  over  periods of
36  and  49  hours,  and  the  pollen  grains  isolated
from  them  assayed  autoradiographically  for
their ability to take up H
3-or C4-thymidine in  30-
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II  do  not  show  any obvious  dependence  of  skew-
ness  on  the  stage  of DNA  synthesis.  In  samples
taken  early  and late  during  DNA  synthesis  there
is  a  lack  of a statistically  significant  difference  in
skewness,  but  this  is  due  to  the  small  number  of
labeled  pollen  grains  available  for  these  samples.
The  late  samples  actually  represent  a very  small
proportion  of the pollen grains in the population;
the  majority  of  the  postDNA  synthesis  pollen
grains  were  highly  skewed,  and  usually  showed
the generative  nucleus  displaced  from  its  normal
symmetrical  position  near  the  middle  of the long
inner  wall.  In all  the  samples  the  mean  skewness
for  labeled  pollen  grains  was  greater  than  for
unlabeled  ones.
synthesis  in  the  generative  nucleus.  The  increase
in  density  of  the  vegetative  nucleus  may  allow
easier  displacement  under  centrifugal  force.
However,  the  results  are  also  consistent  with  the
possibility  of a direct  interaction  between  the  two
cells;  e.g.,  an  effect on the cytoplasm  of the vege-
tative  cell  due to  DNA synthesis  in the generative
cell.  Woodard's  data  (8)  show  that  RNA  and
protein  synthesis  in  the  vegetative  nucleus  stops
when  DNA  synthesis  stops  in  the  generative  nu-
cleus.  This  peculiar  temporal  relation  indicates
either  that  some  message  goes  from  one  nucleus
to  the  other,  or that both  nuclei  respond  to iden-
tical  preset  "clocks."  The  clocks  may  represent
the exhaustion of a metabolite common  to the two
cells,  despite  the  fact  that  the  nuclei  have  dif-
TABLE  II
Skewness  Variation During the  Period of DNA  Synthesis
Pollen grains were incubated  for 30  minutes with  C14-thymidine,  1  uc/ml, then  fixed  and autoradio-
graphs prepared.  Skewness measurements  were  made  by the procedures  described in Materials  and
Methods.
Sampling  time,  hrs.  0  12  23  36  49
Per  cent  labeled  pollen
grains  0.2  17.8  48.8  56.8  11.4
Mean  skewness  4- standard  error  of the mean
Labeled  pollen  grains  - 37.1  4.1  48.3  4- 2.3  41.4  - 3.2  42.5  - 9.5
Unlabeled  pollen  grains  - 26.3  - 3.3  27.0  4.2  24.1  4.1  29.1  4-  3.9
t  test  of  difference  be-
tween means  - p  >  0.05  p  <  0.01  p  <  0.01  p  >  0.1
Not  significant  Significant  Significant  Not significant
DISCUSSION
The  experimental  results  show  a  temporal  cor-
relation  between  two  spatially  separate  events:
DNA  synthesis  in  the  generative  nucleus  and
displacement  of  the  vegetative  nucleus  in  the
cytoplasm.  A  purely  geometric  explanation  for
this  probably  does  not  need  to  be  considered,
since  pollen grains  were  not selected  for  measure-
ment  unless  their  two  nuclei  were  in  the  same
focal  plane.  This  makes  it  very  unlikely  that
skewness  as  such  would  favor  detection  of radio-
activity  in  the  generative  nucleus.  The  basic
consistency  of  the  results  with  C - and  H3-thy-
midine agrees with this.
Skewness  may  simply  indicate  the  known  fact
that  synthesis  of RNA  and  protein  occurs  in  the
vegetative  nucleus  at  the  same  time  as  DNA
ferent  synthetic  functions.  Both  possibilities  make
it  interesting  to  enquire  into  the  origin  of  the
initial  metabolic  differences  between  the  two
cells.  The  only  initial  difference  known  is  the
larger  amount  of  cytoplasm  contained  by  the
vegetative  cell.  Experimental  interference  with
the  metabolism  of  one  of  the  cells  should  give
insight  into  the  possible  interaction  of  the  two
cells  during their development.
SUMMARY
When  Tradescantia pollen  grains  are  isolated  at
stages  shortly after  the microspore  mitosis  and  in-
cubated  with  radioactive  thymidine,  autoradio-
graphs  show  that  the  DNA  of  the  generative
nucleus  is  labeled.  The  vegetative  nucleus  is
displaced from its  usual  position in the  middle  of
the vegetative  cell,  and  moves toward  either  end
156  B  R  I  E  F  N  O  T  E  Sof the  cell. The  movement  is  measurable  in fixed,
Feulgen-stained  pollen  grains  as  an  angular
displacement  from  the  short  axis  of  the  pollen
grain.  Labeled  pollen  grains  show  a  larger  mean
displacement  (skewness)  than  unlabeled  ones.
This  correlation  is  discussed  with  respect  to  the
possible  interrelation  between  the  metabolism  of
the two cells  in the pollen grain.
This  work  was  supported  by  research  grants  from
Temple  University  and  by  National  Institutes  of
Health  grant  GM  09942.  Mr.  Sheldon  Staller gave
excellent technical  assistance.  The C
14 data of Table
II  were  obtained  from an  experiment  performed  by
Mrs. Grace Wever, who  also helped  in some skewness
measurements.
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